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PHYSIOLOGY OF LEAF ABSCISSION 1
JOHN M. JACKSON
University of Arkansas

The mechanism of the abscission

process

of mature leaves either induced by

natural plant processes or by application of chemical defoliants is not fully
understood. A study of the role of chemical defoliants in the abscission process may contribute considerable information toward the elecidation of this mechWith additional knowledge it may be possible to develop more efficient
anism.
defoliants which will react under a wider range of plant and environmental conditions. This study was concerned with the action of chemical defoliants as
A series of experithey stimulate the initiation of the abscission process.
ments was conducted to determine whether cotton leaves treated with chemical
Another series of experiments was conducted to
defoliants release ethylene.
determine the effect of ethylene on the abscission of leaves of young cotton
plants.

Methods and Materials
Cotton plants (Gossypium hirsutum L.) varieties Lockett 140, Deltapine 15
and Arkot 2-1, were employed in these greenhouse studies.
The defoliants were applied with a hand atomizer at a constant pressure of
fifteen pounds.
Concentrations found most satisfactory in earlier screening
trials were employed.
In experiments 3, 5, and 6 the "pea test" described by Pratt and Biale (4)
was employed for determining the release of ethylene from biological material.
The gaseous components liberated from cotton leaves after treatment with chemical defoliants were collected in stoppered 2-liter suction flasks. Leaves were
harvested 24 hours following applications and confined for 48 hours in the
flasks.
The technique of Hansen and Hartman (3) was employed for removing gases
other than ethylene which cause similar growth responses in the pea test. This
growth response is described as a "triple response".
Itconsists of inhibition
of growth in length, increase in thickness, hypertrophy, and the shift from
negative geotropism to diageotropism in etiolated Alaska pea seedlings.
After
removal, the remaining gas sample was passed by water displacement into a bell
jar containing the etiolated pea seedlings or other test plants.
As procedures varied among the different experiments, additional information on methods and materials will be cited under the appropriate experiments.
Resul
Experiment Number

ts

1.

Application of an aqueous solution of ethylene contained in a vial surrounding a portion of the petiole of a leaf caused abscission of the treated
leaf and also of leaves at nodes above and below the treated leaf. When more
than one-half of the leaf blade was removed, less of the abscission stimulus was
translocated to the adjacent nodes, since a smaller number of leaves abscised.
Where 1/4 or less of the leaf blade remained, the treated leaves abscised
within 48 hours. The rate of abscission was much slower than 1/2 or more of the
leaf remained.
Experiment Number 2.
Portions of all the leaf blades were excised from thirty day old cotton
seedlings.
These seedlings were then placed under bell jars containing ethylene
gas. Abscission was accelerated by the removal of any portion of the blade.
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Number 3.
A one per cent solution of formulations containing each of the following
defoliant chemicals was applied to three mature cotton plants: monosodium cyansodium chlorate, ammonium
atnid, potassium cyanate, sodium monochloroacetate,
and AC-D-85, experimental
thiocyanate, disodium 3,6<- endoxohexahydrophthalate,
defoliant, identity confidential.
Gas samples collected in the manner described
above were introduced into bell jars containing etiolated pea seedlings, a young
tomato plant, and a cotton seedling at the 6*-leaf stage.
Leaf epinasty on the tomato plant was evident within 24 hours from treatsodium monochloroacetate,
sodium
ments of disodium 3, 6<- endoxohexahydrophthalate,
chlorate pentaborate, and AC-D-85. Epinasty occurred within 72 hours from the
In all the treatments the leaves showing the most severe
remaining treatments.
epinasty had abscised within 84 hours.
The cotyledons of the cotton seedlings had abscised within 72 hours from
AC-D-85, Disodium 3,6-endoxohexahydrophthalate,
the following treatments:
sodium monochloroacetate,
monosodium cyanamid and sodium chlorate pentaborate.
By 96' hours the primary leaves of cotton seedlings were beginning to abscise
from these same treatments.
The severity of the triple response manifested by the etiolated pea seedThe
lings varied with the treatment, but is was evident in all treatments.
order of decreasing severity of response was as follows: AC-D-85, monosodium
sodium monochloroacetate,
socyanamid, disodium 3, 6^ endoxohexahydrophthalate,
These
dium chlorate pentaborate, potassium cyanate and ammonium thiocyanate.
responses appear identical with those caused by small concentrations of pure
Since other gases causing similar effects were removed by accepted
ethylene.
methods (3), the active emanation from the defoliant treated leaves is thought
The percentage of defoliation obtained by treatment of entire
to be ethylene.
plants (in duplicate) with similar applications of these defoliants varied directly with the degree of the triple response in the pea test.
Experiment Number 4.
This experiment was designed to compare the effects of ethylene and the
gas liberated from defoliant treated leaves on leaf absicission from cotton
Experiment

seedlings.

Mature cotton plants were sprayed with solutions of monosodium cyanamid and
disodium 3, 6.- endoxohexahydrophthalate.
Twenty- four hours later, a twenty- five
gram sample (fresh weight) of leaves was collected from each treatment,
and
placed under a six liter bell jar containing three 30 day old cotton seedlings
with approximately 7 leaves per plant. At the same time, a watch glass containing four milliliters of saturated aqueous solution of ethylene was placed under
Within two days
another bell jar containing three 30 day old cotton seedlings.
some primary leaves and cotyledons had abscised from plants treated with ethylene. The emanation from the leaves treated with the disodium 3, 6>- endoxohexahydrophthalate caused abscission of the cotyledons by the fourth day, and abscission of all the leaves by the sixth day. The rate of abscission was slower
where the plants were confined with the monosodium cyanamid treated leaves.
Only the cotyledons had abscised by the sixth day although definite breaks had
begun at the abscission zones of the primary leaves.
Experiment Number 5.
Different portions of the upper surface of the primary leaf blades of mature cotton plants were treated with a one per cent solution of monosodium cyanamid. The defoliant was applied through a pipette with a camel hair brush
attached to the tip to control placement of the solution on the blade. After 24
hours, or when the action of the defoliants on the leaves first became evident,
ten leaves from each treatment were harvested and placed in flasks for collection of gases.
This gaseous emanation was then employed in the pea test.
The
greatest
response was obtained where the entire leaf had been treated. Progressively smaller responses were obtained when 3/4, 1/2, and 1/4 of the leaf surface was treated with defoliant. A greater response was obtained when the basal
one-half of the leaf was treated with defoliant as compared with the treatment
of the apical one-half or lateral one-half of the leaf.
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Experiment Number 6
The leaves were treated in the same manner as in experiment number five.
when the leaves were collected, the treated portions of the individual
leaves were separated from the untreated portions. Gas samples were then collected from both the treated and untreated portions of the leaves, and these
When one-half, or less, of the
samples were again employed in the pea test.
defoliant,
was
treated
with
the
untreated
portion of the blade gave
blade
leaf
In all cases, the treated portion of the leaf
no response in the pea test.
produced a greater response than the untreated portion.
Experiment Number 7.
An experiment was conducted to determine if ethylene is released from a
defoliant treated leaf in quantity sufficient to cause abscission of a similar
leaf if both were enclosed in the same container. Leaves were selected for
uniformity in size and position on the plant. Twenty- four hours after treatment
of single leaf blades with monosodium cyanamid or 3,6r-endoxohexahydrophthalate,
each treated blade was excised and placed in a sealed quart Mason jar with the
blade of a leaf attached to an untreated plant. Four milliliters of an aqueous
solution of ethylene was similarly confined with the blade of a leaf attached to
Each treatment was duplicated.
The leaves confined with
an untreated plant.
The
the saturated aqueous solution of ethylene abscised within three days.
leaves confined with single leaves treated with the defoliants abscised within
five days.
However,

Discussion
Ethylene has long been known to stimulate the abscission of leaves of
plants. Brown and Addicott (1) found that the middle lamellae are broken down
in the abscission zones when ethylene is in contact with explants of the black
valentine bean. They state that this breakdown can occur without the remainder
of the cell becoming involved. This suggests that one of the roles of ethylene

in the abscission process may be the dissolution of the middle lamellae.
It was shown in experiments 1 and 7 that the stimulus from ethylene may be
translocated.
Treating a leaf petiole with an aqueous solution of ethylene
caused the treated leaf and adjacent untreated leaves to abscise.
Abscission of
the treated leaf occurred when only the leaf blade was subjected to ethylene.
Ethylene is used commercially to hasten ripening or onset of maturity of
citrus fruit. When cotton leaves are treated with ethylene, they become yellow
and exhibit a mellowing effect, resembling natural maturity or senescence.
Gawadi and Avery (2) state that natural abscission is the ultimate result of
senescence of cells of the abscission organs. Since young leaves abscise when
subjected to ethylene, the action of ethylene could be interpreted as causing
premature

senescence.

Shoji, Addicott and Swets (5) found that there is a reduction of the auxin
concentration in the leaf stalk of leaflets of bean plants when they become
senescent.

Gawadi and Avery (2) have proposed the framework of a theory concerning
the relationship between a plant hormone balance and abscission,
the essence of
which follows: Immature leaves contain a relatively abundant supply of hormone
(presumably auxin). As the leaf matures and approaches senescence the supply of
this hormone diminishes.
Thus, it is possible that the abscission behavior of
plants is a matter of relative unbalance between a hormone and some other substance in the leaves or other abscising organs.
The present study seems to lend support concerning the role of auxin as a
possible anti- abscission
agent, since removal of a portion of the leaf blade
accelerated the abscission of leaves treated with ethylene.
Leaves treated with any one of the seven defoliants were shown to produce
a gaseous emanation which was ethylene
or a substance which reacts similarly.
At seems plausible, on the basis of the diverse chemical structure of these
chemical defoliants, to postulate that this emanation is the active agent in
inducing the abscission process.
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